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(57) ABSTRACT 

An apparatus for inspecting and measuring an object to be 
measured includes: a distance measurement device having a 
light projector that projects a two-dimensional optical pattern 
onto a measurement target of the measurement object, imag 
ing devices disposed in a stereoscopic arrangement that 
image the measurement object, and a driving device that 
rotates a posture of at least one of the imaging devices to 
control aparallax angle between the imaging devices; a work 
ing distance control device that controls the driving device 
and adjusts a position at which optical axes of the imaging 
devices intersect; and a distance calculation device having a 
correspondence position calculation device that determines a 
correspondence position at which the same region is imaged 
among images of the imaging devices, and a distance calcu 
lation devices that calculates a distance to the measurement 
target of the measurement object based on a calculation result 
of the calculation device. 

11 Claims, 12 Drawing Sheets 
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1. 

APPARATUS FOR INSPECTING AND 
MEASURING OBJECT TO BE MEASURED 

TECHNICAL FIELD 

The present invention relates to three-dimensional inspec 
tion and/or measurement technology that is designed to main 
tain the safety and reliability of objects to be measured such as 
various devices at a nuclear power plant. More particularly, 
the present invention relates to an apparatus (hereinafter, 
which will be simply referred to as “inspection and measure 
ment apparatus) for inspecting and measuring an object to be 
measured, and three-dimensionally measuring the three-di 
mensional dimensions, position, and shape of an object to be 
measured Such as various devices or internal components 
(hereinafter, which will be referred to as “reactor internal 
components') of a reactor of a nuclear power plant and of an 
object to be measured after installation thereof. 

BACKGROUND ART 

In order to maintain the safety and reliability of devices at 
a nuclear power plant as well as the reactor internal compo 
nents, each device and the reactor internal components are 
periodically inspected. Of these inspections, inspection of the 
reactor internal components is performed by indirect visual 
inspection by displaying a video image captured by an under 
water TV camera or by a TV camera housed in a watertight 
case on a monitor at the inspection site, and having a skilled 
and experienced inspector visually check the video images on 
the monitor. Further, at a nuclear power plant, when work is 
performed to replace a device or a reactor internal component 
due to aged deterioration or damage, it is necessary to mea 
sure whether or not the position of the device after installation 
is correct. 

However, since work to replace the device or the reactor 
internal component is performed using indirect visual obser 
Vation and a target Surface of relevant devices or the reactor 
internal components is checked using a video image that is 
displayed on a monitor, three-dimensional (3D) information 
cannot be obtained. When a pattern that appears to be a defect 
is present on the target surface of the device or the reactor 
internal components, it is difficult to judge whether the pat 
tern is damage or a defect that has irregularities or is a pseudo 
pattern on the target Surface, and a large amount of time and 
labor is required for this judgment. 

Further, with respect to positional measurement after 
installation of a device or a reactor internal component of a 
nuclear power plant, a large amount of time and labor are 
required in order to measure the three-dimensional position 
of the devices or the reactor internal components based on a 
two-dimensional video image on a monitor. 

In a conventional nuclear power plant, methods for acquir 
ing three-dimensional information regarding the target Sur 
face of respective devices or the reactor internal components 
include the use of a stereoscopic apparatus that utilizes two 
cameras. Further, attempts are also being made to apply an 
inspection and measurement apparatus according to the prin 
ciples of triangulation by using an optical measurement appa 
ratus that utilizes one camera and a laser beam. 
The conventional apparatus for inspecting and measuring 

has advantages and drawbacks with respect to dimensional 
measurement of an object to be measured or shape measure 
ment of a device according to the state of the target Surface of 
the respective devices or the reactor internal components that 
is the object to be measured. For example, with a stereoscopic 
apparatus that uses two cameras, it is necessary to correlate 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
the positions at which the same location is imaged in images 
of two cameras. However, in the case of a target Surface Such 
as a metallic luster Surface of an object to be measured, since 
there are no characteristic patterns on the Surface it is not 
possible to appropriately determine a correspondence posi 
tion among the camera images. Hence, it has been difficult to 
perform distance measurement such as for measuring the 
dimensions or shape of an object to be measured. 

Further, according to the conventional apparatus for 
inspecting and measuring, a light section measuring method 
is available that utilizes a camera and line laser beams as an 
optical measurement apparatus. The optical measurement 
apparatus according to this method images with a camera a 
reflection of a line-shaped laser beam that is irradiated onto a 
target Surface of an object to be measured, and measures 
irregularities in the target Surface of the object to be measured 
based on a reflection position of the laser beam that appears in 
the camera image. 

However, with a target Surface that generates a secondary 
reflection of a laser beam such as a metallic luster surface of 
an object to be measured, there are cases in which an appro 
priate reflection position cannot be determined from a camera 
image, and distance measurement is therefore difficult. Fur 
ther, since distance measurement is possible only at a position 
at which the laser beam is irradiated, there is the problem that 
it is necessary to minutely scan the laser beam in order to 
obtain high-density measurement points. Consequently, the 
measurement operation requires a large amount of time. 
Another representative measurement method of an optical 
measurement apparatus is a method in which a two-dimen 
sional optical pattern is projected onto a target surface of an 
object to be measured, and the target Surface onto which the 
optical pattern is projected is imaged with a camera. 

According to this measurement method of an optical mea 
Surement apparatus, a known optical pattern that has been 
projected onto the target Surface of the object to be measured 
is compared with the camera image, and irregularities on the 
target Surface are measured based on a mapping position in 
the camera image of the optical pattern that is projected onto 
the target Surface. 

However, in some cases it is not possible to establish cor 
respondence between an optical pattern projected onto a tar 
get Surface of an object to be measured and a known optical 
pattern because the optical pattern is affected by the pattern of 
the target Surface. Consequently, distance measurement is 
difficult since mapping positions cannot be obtained with the 
camera image. 

Further, a common issue for conventional measurement 
apparatuses is that because the position of a camera or a laser 
beam or the like is fixed, it is necessary to keep a measurement 
distance between a measurement target and a measurement 
apparatus constant. Therefore in an environment in which a 
measurement apparatus is operated remotely, such as when 
inspecting a reactor internal component, there is the problem 
that, from an operability viewpoint, the measurement opera 
tion requires a large amount of time. 

DISCLOSURE OF THE INVENTION 

The present invention has been made in consideration of 
the above described circumstances, and an object of the 
invention is to provide an inspection and measurement appa 
ratus that is capable of measuring three-dimensional dimen 
sions and shapes simply and exactly over a wide range from 
dimensional measurement of defects or damage of an object 
to be measured up to positional measurement thereof. 
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An apparatus for inspecting and measuring an object to be 
measured of the present invention that is provided to solve the 
above described problems comprises: 

a distance measurement device includes a light projection 
unit that projects a two-dimensional optical pattern onto a 
measurement target of an object to be measured, a plurality of 
imaging units, disposed in a stereoscopic arrangement that 
image the measurement target of the object to be measured, 
and a driving unit configured to rotate a posture of at least one 
of the imaging units to control a parallax angle between the 
imaging units: 

a working distance control device that controls the driving 
unit and adjusts a position at which optical axes of the imag 
ing units intersect; and 

a distance calculation device includes a correspondence 
position calculation unit that determines a correspondence 
position at which the same region among images of the imag 
ing units disposed in a stereoscopic arrangement is imaged, 
and a distance calculation unit that calculates a distance to a 
measurement target of an object to be measured based on a 
calculation result of the calculation unit. 

According to the above described preferred embodiment of 
the invention, preferably abandpass filter with which a trans 
mitted wavelength is selected in accordance with a wave 
length of light that is projected from the light projection unit 
is provided on an object to be measured side of the imaging 
unit. 

Further, preferably the working distance control device 
controls the driving unit so that the optical axes of the imaging 
units intersect at a surface of the measurement target of the 
object to be measured, and a field of view range of the imag 
ing unit is adjusted in accordance with a distance between the 
measurement target of the object to be measured and the 
distance measurement device. 

Furthermore, preferably the distance measurement device 
includes a working distance sensor that performs a point 
measurement with respect to a distance between the measure 
ment target of the object to be measured and the distance 
measurement device, and the working distance control device 
automatically controls the driving unit according to a distance 
that is measured with the working distance sensor. 

The apparatus for inspecting and measuring an object to be 
measured according to the present invention may further 
comprise a memory device which stores correlation data with 
respect to a correlation between a parallax angle between the 
imaging units and focal lengths of lenses of the imaging units, 
and the working distance control device controls focallengths 
of the lenses based on the correlation data in accordance with 
a parallax angle between the imaging units, and the distance 
calculation device calculates a distance to the measurement 
target of the object to be measured based on a parallax angle 
between the imaging units and focal lengths of the lenses that 
are controlled in accordance with the parallax angle. 

Preferably, lenses of the imaging units are fluid lenses with 
which a focal position can be adjusted by electrical charac 
teristics, and the apparatus for inspecting and measuring an 
object to be measured further comprises a fluid lens adjust 
ment unit that adjusts the fluid lenses of the two imaging units 
disposed in a stereoscopic arrangement with a single electri 
cal signal. 

Preferably the apparatus for inspecting and measuring an 
object to be measured further comprises a dimensions mea 
Surement device that measures dimensions along a surface of 
a measurement target of the object to be measured based on a 
calculation result calculated by the distance calculation 
device. 
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4 
Further, the distance measurement device may also 

includes a posture measurement unit that measures a position 
and an angle thereof, and the distance measurement device 
converts a result measured at a different position into relative 
coordinates based on a position and an angle of the distance 
measurement device that are measured with the posture mea 
Surement unit, and measures dimensions of a measurement 
target of the object to be measured that does not fit within one 
field of view of the distance measurement device. 
An apparatus for inspecting and measuring an object to be 

measured according to another embodiment of the present 
invention comprises: 

a distance measurement device includes a light projection 
unit that projects a two-dimensional optical pattern onto a 
measurement target of an object to be measured, one imaging 
unit that images the measurement target of the object to be 
measured, an optical scanning unit that guides light from the 
measurement target of the object to be measured along a 
plurality of scanning light paths, and a driving unit that driv 
ingly controls a reflection mirror provided in each scanning 
light path of the optical scanning unit; 

a working distance control device that controls the driving 
unit to rotate a posture of the reflection mirror to arbitrarily 
adjust a parallax angle between the scanning light paths; and 

a distance calculation device that has a correspondence 
position calculation unit that determines a correspondence 
position at which is imaged the same region among images of 
the imaging unit from the respective scanning light paths, and 
a distance calculation unit that calculates a distance to a 
measurement target of an object to be measured based on a 
calculation result of the correspondence position calculation 
unit. 

According to this embodiment, preferably the optical scan 
ning unit comprises a shielding unit that controls transmit 
tance and shielding of light on each scanning light path, and 
is set So as to Switch between transmittance and shielding of 
light to be input to the imaging unit on each scanning light 
path by means of the shielding unit. 

Preferably, on an object to be measured side of the imaging 
unit, a bandpass filter is provided with which a transmitted 
wavelength is selected in accordance with a wavelength of 
light that is projected from the light projection unit. 

Further, preferably the working distance control device 
controls the driving unit so that the optical axes of the imaging 
unit intersect at a surface of the measurement target of the 
object to be measured, and a field of view range of the imag 
ing unit is adjusted in accordance with a distance between the 
measurement target of the object to be measured and the 
distance measurement device. 
An inspection and measurement apparatus according to the 

present invention that has the above described features can 
simply and accurately perform measurement over a range 
from damage or a defect of an object to be measured up to 
dimensional measurement of an object to be measured, and 
by projecting an optical pattern onto a measurement target of 
an object to be measured, can improve the reliability of a 
distance measurement result. Further, to enable calibration 
utilizing an optical pattern, the inspection and measurement 
apparatus according to the present invention can carry out 
dimensional measurement (distance measurement) of a dis 
tance from a distance calculation device to an object to be 
measured or with respect to the existence/non-existence and 
size of a defect or damage of an object to be measured accu 
rately and simply in a three-dimensional manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a configuration diagram illustrating a first 
embodiment of an apparatus (first inspection and measure 
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ment apparatus) for inspecting and measuring an object to be 
measured according to the present invention; 

FIG. 2A, FIG. 2B, and FIG. 2C are views that respectively 
illustrate examples of a camera image of an optical pattern 
projection to a measurement target of an object to be mea 
Sured in the first embodiment of the inspection and measure 
ment apparatus according to the present invention; 
FIG.3A and FIG. 3B are views that respectively explain an 

image processing method of a parallax calculation processor 
of a distance calculation device according to the first embodi 
ment of the inspection and measurement apparatus according 
to the present invention; 

FIG. 4 is an explanatory view of a dimensions measure 
ment device according to the first embodiment of the inspec 
tion and measurement apparatus according to the present 
invention; 

FIG. 5 is an explanatory view illustrating a measurement 
method of a dimensions measurement device according to the 
first embodiment of the inspection and measurement appara 
tus according to the present invention; 

FIG. 6 is a configuration diagram illustrating a second 
embodiment of the inspection and measurement apparatus 
(second inspection and measurement apparatus) according to 
the present invention; 

FIG. 7 is a configuration diagram illustrating a third 
embodiment of the inspection and measurement apparatus 
(third inspection and measurement apparatus) according to 
the present invention; 

FIG. 8A, FIG.8B, and FIG. 8C are views that respectively 
illustrate examples of a camera image of an optical pattern 
projection onto a measurement target of an object to be mea 
sured in the third embodiment of the inspection and measure 
ment apparatus according to the present invention; 

FIG. 9 is a configuration diagram illustrating a fourth 
embodiment of the inspection and measurement apparatus 
(fourth inspection and measurement apparatus) according to 
the present invention; 

FIG. 10A, FIG. 10B, and FIG. 10C are explanatory views 
that illustrate the adjustment of the optical axes of a camera 
according to a fourth embodiment of the inspection and mea 
Surement apparatus of the present invention; 

FIG. 11 is a configuration diagram illustrating a fifth 
embodiment of the inspection and measurement apparatus 
(fifth inspection and measurement apparatus) according to 
the present invention; 

FIG. 12 is a configuration diagram illustrating a sixth 
embodiment of the inspection and measurement apparatus 
(sixth inspection and measurement apparatus) according to 
the present invention; 

FIG. 13 is a configuration diagram illustrating a seventh 
embodiment of the inspection and measurement apparatus 
(seventh inspection and measurement apparatus) according 
to the present invention; and 

FIG. 14 is an explanatory view illustrating a dimensional 
measurement method that illustrates a seventh embodiment 
of the inspection and measurement apparatus (seventh 
inspection and measurement apparatus) according to the 
present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiments of the apparatus for inspecting and measur 
ing an object to be measured according to the present inven 
tion will now be described referring to the attached drawings. 

The apparatus for inspecting and measuring an object to be 
measured takes respective devices of a nuclear power plant 
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6 
and reactor internal components of a nuclear reactor as a 
measurement target (inspection target) of an object to be 
measured, and functions as a reactor core internal dimensions 
measurement device or a distance measurement device that is 
capable of measurement underwater. 

First Embodiment 

FIG. 1 is a block diagram of a configuration example of the 
first embodiment of the apparatus (hereinafter, which will be 
simply referred to as “first inspection and measurement appa 
ratus) for inspecting and measuring an object to be measured 
according to the present invention. The first embodiment of 
the inspection and measurement apparatus illustrates a case 
of application to, for example, a reactor core internal dimen 
sions measurement device of a nuclear reactor at a nuclear 
power plant. 
A first inspection and measurement apparatus 10 com 

prises a distance measurement device 12 that images an 
object (hereinafter, which will be referred to as “measure 
ment object') 11 to be measured as a measurement target or 
an inspection target, a distance calculation device 13 that 
calculates a distance between the measurement object 11 and 
the distance measurement device 12 based on an image from 
the distance measurement device 12, a dimensions measure 
ment device 14 that measures dimensions (position and 
shape) of the measurement object 11 based on the calculation 
result of the calculation device 13, and a working distance 
control device 15. 
The distance measurement device 12 comprises a plurality 

of cameras, for example, two cameras 17a and 17b, that are 
stereoscopically arranged so that optical axes thereof inter 
sect at an inspection (measurement) Surface of the measure 
ment object 11, a camera driving device 18 having a driving 
mechanism that rotatingly drives the posture of the camera 
17b, a light projector 19 that irradiates a two-dimensional 
(2D) optical pattern with a light Such as a laser beam, and a 
half mirror 20that projects onto the measurement object 11 an 
optical pattern that is irradiated along an optical axis of the 
camera 17a with the light projector 19. The half mirror 20 is 
disposed at the front (measurement object 11 side) of the 
camera 17a, and has a light projection apparatus together with 
the light projector 19. 

According to the first inspection and measurement appa 
ratus 10, in order to reduce the size of the distance measure 
ment device 12 the camera (sensor) driving device 18 is 
provided that rotates a posture of one of the two cameras 17a 
and 17b that are stereoscopically arranged. However, a con 
figuration may also be adopted in which the camera (sensor) 
driving device 18 is provided in each of the two cameras 17a 
and 17b, and the postures of the two cameras are rotatingly 
driven. 

According to the first inspection and measurement appa 
ratus 10, the half mirror 20 is provided between the camera 
17a and the measurement object 11. An optical pattern irra 
diated with the light projector 19 such as a laser projector is 
projected onto the measurement object 11 along an optical 
axis of the camera by the half mirror 20 provided at the front 
of the camera 17a. By adopting this configuration, even when 
a distance between the distance measurement device 12 and 
the measurement object 11 changes, an optical pattern can 
always be projected within the field of view of the camera 
17a. Although according to the first inspection and measure 
ment apparatus 10, a two-dimensional optical pattern is pro 
jected using a laser beam that can irradiate a uniform light, a 
configuration may also be adopted that uses LED illumina 
tion or a commonly used halogen illumination or the like. 



US 8,483,444 B2 
7 

In the distance measurement device 12, a single distance 
measurement sensor 22 is comprised by, for example, the two 
cameras 17a and 17b that are stereoscopically arranged, and 
the camera driving device 18 that controls the camera posture 
to adjust a parallax angle and a distance with respect to the 
two cameras 17a and 17b. A sensor signal from the distance 
measurement sensor 22 is input to the distance calculation 
device 13. The distance calculation device 13 performs 
dimensional measurement of a defect or damage of the mea 
Surement object 11, or performs distance measurement of the 
device shape of the measurement object 11. 
The distance calculation device 13 comprises an A/D con 

Verter 23 that receives a sensor signal from the distance mea 
Surement sensor 22 and Subjects the sensor signal to A/D 
conversion; a parallax calculation processor 24 that Subjects 
the digital signal that has undergone A/D conversion to signal 
processing, and establishes a correlation between positions at 
which the same region is imaged (mapped) among images of 
for example, the two cameras 17a and 17b that are stereo 
scopically arranged; and a distance calculation processor 25 
that calculates a distance to the measurement object 11 based 
on the relative positions and postures and the like of the two 
cameras 17a and 17b, based on a calculation result from the 
parallax calculation processor 24. 

Further, a reactor core internal inspection apparatus is con 
figured by the distance measurement sensor 22 of the distance 
measurement device 12, the distance calculation device 13 
that performs a distance measurement based on a sensor 
signal from the distance measurement sensor 22, and the 
working distance control device 15 that controls the driving 
device 18 of the distance measurement sensor 22 and adjusts 
a working distance from the distance measurement sensor 22 
to the measurement object 11. 

The first inspection and measurement apparatus 10 as 
shown in FIG. 1, the first inspection and measurement appa 
ratus 10 measures the dimensions and distance of the mea 
Surement object 11 using a plurality of cameras, for example, 
two cameras 17a and 17b, that are stereoscopically arranged. 
The first inspection and measurement apparatus 10 controls a 
viewing angle of for example, the two cameras 17a and 17b 
that are stereoscopically arranged, and a distance between the 
cameras 17a and 17b. The first inspection and measurement 
apparatus 10 can perform measurement with a single distance 
measurement sensor over a wide range from dimensional 
measurement of a defect or damage of the measurement 
object 11 at a narrow-angle field of view to dimensional 
measurement of a device shape at a wide-angle field of view. 

Next, operations of the apparatus 10 for inspecting and 
measuring an object to be measured the measurement object 
11 are described. 
The distance measurement device 12 comprised by the first 

inspection and measurement apparatus 10 is mounted on an 
unshown underwater robot or the like, and is transported to 
and disposed at an imaging position of the measurement 
object 11 Such as a relevant device or a reactor internal com 
ponent by the underwater robot. At this time, a distance 
between the measurement object 11 and the distance mea 
Surement device 12 is adjusted and measured according to the 
dimensions, shape, and position of the measurement object 
11. 

For example, when minute dimensional measurements of a 
defect or damage of the measurement object 11 are required, 
the distance measurement device 12 is disposed at a position 
that is close to the measurement object 11, so as to enable 
enlarged imaging of the measurement object 11 with the 
stereoscopically arranged cameras 17a and 17b. Further, 
when it is required to perform measurement of a wide area on 
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8 
the measurement object 11, Such as measurement of the 
dimensions or shape of a device, the distance measurement 
device 12 is disposed at a position that is at a distance from the 
measurement object 11, so as to enable imaging of a wide area 
of the measurement object 11 with the cameras 17a and 17b. 
The first inspection and measurement apparatus 10 also 

comprises the working distance control device 15. The con 
trol device 15 controls the sensor (camera) driving device 18 
according to operations of an operator or the like, and rotates 
the posture of the camera 17b to adjust the camera parallax 
angle between the cameras 17a and 17b so that the camera 
optical axis of the camera 17a and the camera optical axis of 
the camera 17b intersect at the surface of the measurement 
object 11. 
A two-dimensional optical pattern is irradiated in a radial 

shape from the light projector 19. The optical pattern is pro 
jected onto the measurement object 11 along the optical axis 
of the camera 17a via the half mirror 20 provided at the front 
(measurement object 11) side of the camera 17a. By setting 
the illuminating angle of the light projector 19 to be wider 
than the viewing angle of the cameras 17a and 17b, no matter 
what the distance is between the measurement object 11 and 
the distance measurement device 12, an optical pattern can be 
projected onto the entire Surface of the measurement object 
11 within the field of view of the cameras 17a and 17b. 
The stereoscopically arranged cameras 17a and 17b of the 

distance measurement device 12 image the measurement 
object 11 on which the optical pattern is projected, and output 
the image to the distance calculation device 13. FIG. 2 illus 
trates examples of images captured by a camera that has 
imaged the measurement object 11 onto which the optical 
pattern is projected. FIG. 2A is an example of an image of the 
measurement object 11. FIG. 2B is an example of an image of 
an optical pattern A that is projected by the light projector 19. 
FIG. 2C is an example of an image of a camera image B of the 
measurement object 11 onto which the optical pattern A has 
been projected. Although there is no characteristic pattern on 
the Surface of the measurement object 11, by projecting the 
optical pattern A onto the measurement object 11, the Surface 
of the measurement object 11 that has been given a charac 
teristic pattern can be mapped on the camera image 13. 
At the distance calculation device 13, camera images 28a 

and 28b of the two cameras are compared using camera image 
processing by the parallax calculation processor 24, and cor 
relation of positions at which the same region is mapped 
between the camera images 28a and 28b is performed. FIGS. 
3A and 3B are views of explaining a method that correlates 
mapping positions of the same region between the camera 
image 28a and the camera image 28b. 
The parallax calculation processor 24 (see FIG. 1) sets a 

rectangular comparison block 29 in the camera image 28a 
shown in FIGS. 3A and 3B, and sets a comparison region 30 
in the camera image 28b. The parallax calculation processor 
24 performs a comparison scan C while shifting by one pixel 
at a time a position for Successive comparison from the left 
upper portion to the right lower portion in the images for the 
comparison block 29 with respect to the comparison region 
30, and executes matching processing using the correlation 
between the brightness at each position. The parallax calcu 
lation processor 24 retrieves a position with the highest cor 
relation value among the correlation values of the matching 
processing that is executed at each position, and determines a 
correspondence position within the comparison region 30 at 
which the same region as the comparison block 29 is mapped. 
The parallax calculation processor 24 sets the comparison 
block 29 and the comparison region 30 for each pixel of the 
camera image 28a and repeats the same processing. As a 
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result, the parallax calculation processor 24 determines cor 
respondence positions of the camera image 28b with respect 
to all pixels of the camera image 28a. 

Further, the distance calculation processor 25 of the dis 
tance calculation device 13 shown in FIG. 1 converts corre- 5 
spondence positions between the camera images 28a and 28b 
(see FIGS. 3A and 3B) that are determined with the parallax 
calculation processor 24 into a distance between the distance 
measurement device 12 and the measurement object 11 using 
the principles of triangulation, based on a parallax angle 
according to the relative positions and postures of the two 
cameras 17a and 17b. More specifically, when the relative 
positions between the stereoscopically arranged cameras 17a 
and 17b are fixed, rotational information of the camera driv 
ing device 18 serves as the parallax angle, and the distance 
can be converted using the principles of triangulation. 
The dimensions measurement device 14 comprises a dis 

play unit 33 that three-dimensionally displays a surface shape 
S of the measurement object 11 based on the measurement 20 
result of the distance calculation device 13 as shown in FIG. 
4. The configuration is such that the operator can designate 
positions at two points at which the operator wishes to per 
form the dimensional measurement. The dimensions mea 
Surement device 14 performs dimensional measurement 25 
along the three-dimensional Surface shape S of the measure 
ment object 11 between positions D and E as the two points 
designated by the operator for the dimensional measurement. 
As a result, the actual dimensions or the like of damage or a 
defect 34 that has occurred on the measurement target Surface 30 
of the measurement target which is a part of the measurement 
object 11 as can be accurately measured. Further, although in 
FIG. 4 and FIG. 5 the designated positions for dimensional 
measurement of the measurement object 11 are described as 
the two points D and E, positions at more than two points may 35 
be shown. 

According to the first inspection and measurement appa 
ratus 10 illustrated in the present embodiment, stereoscopi 
cally arranged cameras 17a and 17b are set in the distance 
measurement device 12, and by controlling the postures of the 40 
cameras with the camera (sensor) driving device 18, it is 
possible to perform dimensional (distance) measurement and 
shape measurement three-dimensionally from a defect or 
damage of the measurement object 11 up to measurement of 
the shape of the device itself with the single distance mea- 45 
Surement sensor 22. 

Further, by projecting an optical pattern onto a target Sur 
face of the measurement object 11 utilizing the light projector 
19 such as a laser beam, it is possible to perform three 
dimensional measurement of dimensions and distance, and 50 
the reliability of a distance measurement result can be 
enhanced. 

According to the conventional apparatus for inspecting and 
measuring, there is the risk that the measurement accuracy 
will be affected by a deviation occurring in the positional 55 
relationship between cameras due to rattling of a driving 
apparatus that controls the camera posture. However, the first 
inspection and measurement apparatus 10 of the present 
embodiment comprises a light projector 19, and enables cali 
bration of camera positions utilizing an optical pattern that is 60 
irradiated with the light projector 19. It is therefore possible to 
perform measurement in which the positional relationship 
between cameras is corrected. More specifically, an optical 
pattern of two-dimensionally arrayed dots is irradiated onto a 
flat object, and calibration of cameras is performed in the 65 
same manner as the conventional method utilizing an optical 
pattern. 
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According to the first inspection and measurement appa 

ratus 10, a total of three measurement results are obtained by 
means of an optical pattern that is projected onto the target 
surface of the measurement object 11 from the light projector 
19. The three measurement results include a measurement 
result for the distance between the two stereoscopically 
arranged cameras 17a and 17b, and measurement results for 
the distance between the optical pattern and each camera. By 
judging the three distance measurement results in an overall 
manner, dimensional measurement of a defect or damage of 
the measurement object 11 or dimensional measurement of 
the device shape can be measured exactly and precisely. By 
controlling the parallax angle for two cameras that are stereo 
scopically arranged or controlling a distance between the 
cameras, it is possible to perform measurement over a wide 
range from dimensional measurement of an object to be mea 
Sured at a narrow-angle field of view to dimensional measure 
ment of a device shape at a wide-angle field of view with the 
single distance measurement sensor 22. 

Second Embodiment 

A second embodiment of the apparatus for inspecting and 
measuring an object to be measured according to the present 
invention will now be described referring to FIG. 6. 

FIG. 6 is a block diagram of a configuration example show 
ing a second embodiment of the apparatus (hereinafter, which 
will be simply referred to as 'second inspection and measure 
ment apparatus') for inspecting and measuring an object to be 
measured. For the explanation of a second inspection and 
measurement apparatus 10A described in this embodiment, 
components that are the same as in the first inspection and 
measurement apparatus 10 described in the first embodiment 
are denoted by the same reference numerals, and duplicate 
descriptions thereof are omitted or simplified. 

In contrast to the first inspection and measurement appa 
ratus 10 described in the first embodiment, in the second 
inspection and measurement apparatus 10A illustrated in the 
second embodiment the distance measurement device 12 
comprises one camera 17 and a mirror optical scanning unit 
35. 
The mirror optical scanning unit 35 is disposed on the front 

side of the camera 17, between the camera 17 and the half 
mirror 20. The mirror optical scanning unit 35 has a prismatic 
reflection mirror 37 disposed on the front (measurement 
object 11) side of the camera 17, and a pair of reflection 
mirrors 39a and 39b disposed via liquid crystal shutters 38a 
and 38b as shutter mechanisms on both sides of the reflection 
mirror 37. The pair of reflection mirrors 39a and 39b com 
prise first reflection mirrors, and the prismatic second reflec 
tion mirror 37 is disposed between the first reflection mirrors 
39a and 39b. The liquid crystal shutters 38a and 38b are 
disposed between the first reflection mirrors 39a and 39b that 
form a pair and the second reflection mirror 37, respectively. 
The postures of the first reflection mirrors 39a and 39b form 
ing a pair are rotatably controlled by two mirror driving 
apparatuses that are not shown in the drawings. 
The arrangement of the first reflection mirrors 39a and 39b 

and the second reflection mirror 37 is adjusted so as to guide 
light from the Scanning Surface of the measurement object 11 
to the camera 17 along a first scanning light path 4.0a and a 
second scanning light path 40b to perform Scanning. The 
liquid crystal shutters 38a and 38b are arranged on the first 
and second scanning light paths 40a and 40b. The liquid 
crystal shutters 38a and 38b are provided so as to be capable 
of controlling transmission and shielding of light in accor 
dance with an electrical signal. The transmission and shield 
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ing of light is controlled by the liquid crystal shutters 38a and 
38b, and light such as laser beams that have been transmitted 
along the first scanning light path 4.0a and the second scan 
ning light path 40b is input to the camera 17 while sequen 
tially Switching the light. 

According to the second inspection and measurement 
apparatus 10A of the present embodiment, light that passes 
along the first scanning light path 4.0a and the second scan 
ning light path 40b is sequentially Switched by the liquid 
crystal shutters 38a and 38b and input to the camera 17. 
However, a configuration may also be adopted in which light 
from the first scanning light path 4.0a and light from the 
second scanning light path 40b are input at different positions 
of the camera 17. For example, when a light receiving element 
comprised by the camera 17 is a rectangular shape, a configu 
ration may be adopted such that, when the vertical centre is 
taken as a boundary, one side receives light from the first 
scanning light path 40a and the opposite side receives light 
from the second scanning light path 40b. 
The second inspection and measurement apparatus 10A 

also comprises the working distance control device 15. The 
working distance control device 15 controls driving members 
18a and 18b of the mirror optical scanning unit 35, and rotates 
postures of the first reflection mirrors 39a and 39b to adjust 
the parallax angle of the scanning light paths so that optical 
axes of the camera 17 on the first scanning light path 4.0a and 
the second scanning light path 40b intersect at the Surface of 
the measurement object 11. 

According to the second inspection and measurement 
apparatus 10A described in the second embodiment, it is 
possible to stereoscopically image the measurement object 11 
with a single camera 17, and thereby enable miniaturization 
and weight reduction of the distance measurement device 12. 

In the second inspection and measurement apparatus 10A 
illustrated in the second embodiment, the distance measure 
ment device 12 has a light projecting member that projects a 
two-dimensional optical pattern onto a measurement target of 
the measurement object 11; one imaging member that images 
the measurement target of the measurement object 11; an 
optical scanning member that guides light from a measure 
ment target of the measurement object 11 along a plurality of 
scanning light paths 40a and 40b; and driving members 18a 
and 18b that drivingly controls the reflection mirrors 39a and 
39b that are provided on the respective scanning light paths 
40a and 40b of the optical scanning member. 
The working distance control device 15 comprising the 

second inspection and measurement apparatus 10A has a 
member that controls the driving members 18a and 18b to 
rotate the postures of the reflection mirrors 39a and 39b and 
arbitrarily adjust a parallax angle between the scanning light 
paths 40a and 40b. 

Further, the distance calculation device 13 of the second 
inspection and measurement apparatus 10A has a correspon 
dence position calculation member that determines a corre 
spondence position at which is imaged the same region 
among images of the imaging member from each of the 
scanning light paths 40a and 40b, and a distance calculation 
member that calculates a distance to the measurement target 
of the measurement object 11 based on the calculation result 
calculated by the correspondence position calculation mem 
ber. The distance calculation device 13 can three-dimension 
ally determine a distance between the distance measurement 
device 12 and a measurement target of the measurement 
object 11 in an accurate and simple manner. 
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Third Embodiment 

A third embodiment of the apparatus for inspecting and 
measuring an object to be measured according to the present 
invention will now be described referring to FIG. 7 and FIG. 
8. 

FIG. 7 is a block diagram of a configuration example that 
illustrates the third embodiment of the apparatus (hereinafter, 
which will be simply referred to as “third inspection and 
measurement apparatus) for inspecting and measuring an 
object to be measured. For the explanation of a third inspec 
tion and measurement apparatus 10B of this embodiment, 
components that are the same as in the apparatus for inspect 
ing and measuring 10 shown in the first embodiment are 
denoted by the same reference numerals, and duplicate 
descriptions thereof are omitted or simplified. 
The third inspection and measurement apparatus 10B illus 

trated in FIG. 7 has a plurality of cameras, for example, two 
cameras 17a and 17b that are provided in the distance mea 
surement device 12. Bandpass filters 44a and 44b are addi 
tionally provided on the front side of the cameras 17a and 
17b. The bandpass filters 44a and 44b can allow transmission 
of only a wavelength of light Such as a laser beam that is of a 
fixed wavelength. A wavelength that can pass through the 
bandpass filters 44a and 44b is set to be approximately the 
same as a wavelength that is irradiated onto the target Surface 
of the measurement object 11 through the half mirror 20 from 
the light projector 19. The bandpass filters 44a and 44b may 
also be provided instead of, for example, the shutter mecha 
nism (liquid crystal shutters 38a and 38b) shown in FIG. 6. 

Next, the operation of the third inspection and measure 
ment apparatus 10B shown in FIG. 7 is described. 
A two-dimensional optical pattern is irradiated in a radial 

shape from the light projector 19 of the distance measurement 
device 12. The irradiated light is guided onto a target Surface 
of the measurement object 11 via the half mirror 20. The 
optical pattern from the light projector 19 is projected onto the 
measurement object 11 along the optical axis of the camera 
17a by the half mirror 20 that is disposed in front of the 
camera 17a. 
The two stereoscopically arranged cameras 17a and 17b 

image through the bandpass filters 44a and 44b the measure 
ment object 11 on which the optical pattern is projected, and 
as a result only the optical pattern projected onto the mea 
Surement object 11 is mapped. Camera images in which the 
optical pattern is mapped are output to the distance calcula 
tion device 13 from the distance measurement sensor 22. 

FIG. 8 illustrates an example of a camera image in which 
the measurement object 11 onto which the optical pattern is 
projected is imaged without performing the imaging through 
the bandpass filters 44a and 44b. FIG. 8A illustrates an image 
in which a vertically-striped pattern 45 formed by surface 
irregularities of the measurement object 11 is taken as a 
measurement target. FIG. 8B illustrates an optical pattern A 
that is projected with the light projector 19. FIG. 8C illustrates 
a camera image in which the measurement object 11 onto 
which the optical pattern A is projected has been imaged. As 
shown in FIG. 8C, in the camera image B, the vertically 
striped pattern 45 of the measurement target of the measure 
ment object 11 and the optical pattern A are combined and 
mapped. 
The way in which the surface pattern 45 produced by 

Surface irregularities on the measurement target that is the 
measurement object 11 is viewed may change according to 
the manner in which illumination or the like falls thereon. In 
particular, since the two cameras 17a and 17b are stereoscopi 
cally arranged and the observation point positions of the two 
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cameras 17a and 17b are thus different, the circumstances 
regarding the reflection of illumination are different, and in 
some cases the way in which the two cameras 17a and 17b 
view the measurement object 11 is entirely or partially dif 
ferent. 

Under these circumstances, even when an optical patternis 
projected onto the measurement target of the measurement 
object 11, the influence of the surface pattern A of the mea 
Surement target is significant, and there is the possibility that 
correlation between images cannot be performed with the 
parallax calculation processor 24 of the distance calculation 
device 13, or that an erroneous correlation will occur. There 
fore, by imaging the measurement object 11 through the 
bandpass filters 44a and 44b that allow transmission of the 
same wavelength as the illumination wavelength of the light 
projector 19 such as a laser projector, it is possible to elimi 
nate the surface pattern of the measurement object 11 and 
map only the optical pattern A on a camera image. 

Thus, even in a situation in which the way of viewing a 
surface pattern of the measurement object 11 differs between 
images of the stereoscopically arranged cameras 17a and 17b, 
it is possible to accurately measure a distance to a measure 
ment target with the distance calculation device 13 using only 
the optical pattern A that is projected onto the measurement 
target of the measurement object 11. 

According to the third embodiment, an accurate distance 
measurement is possible without being affected by the influ 
ence of the surface pattern 45 caused by surface irregularities 
on the measurement target of the measurement object 11. 
Further, a distance from the camera 17a of the distance mea 
Surement device 12 to the measurement target of the measure 
ment object 11 can be three-dimensionally measured with 
ease and accuracy. 

Fourth Embodiment 

A fourth embodiment of the apparatus for inspecting and 
measuring an object to be measured according to the present 
invention will now be described referring to FIG. 9 and FIG. 
10. 

FIG. 9 is a block diagram of a configuration example illus 
trating an apparatus (hereinafter, which will be simply 
referred to as “fourth inspection and measurement appara 
tus) 10C for inspecting and measuring the measurement 
object 11 as a fourth embodiment of the present invention. 
With respect to the fourth inspection and measurement appa 
ratus 10C illustrated in this fourth embodiment, components 
that are substantially the same as in the first inspection and 
measurement apparatus 10 described in the first embodiment 
are denoted by the same reference numerals, and duplicate 
descriptions thereof are omitted or simplified. The fourth 
inspection and measurement apparatus 10C shown in FIG. 9 
is additionally provided with a working distance sensor 46 in 
the distance measurement device 12 relative to the first 
inspection and measurement apparatus 10 shown in FIG. 1. 

In the distance measurement device 12, the working dis 
tance sensor 46 is arranged in parallel with the light projector 
19. The working distance sensor 46 comprises a laser distance 
meter or the like. For example, the working distance sensor 46 
irradiates an irradiation light such as a laserbeam onto a target 
Surface (measurement target) of the measurement object 11 
via the half mirror 20, and measures a distance based on a time 
difference between the irradiation time and the time of receiv 
ing reflected light that is reflected by and returns from the 
target Surface. A distance measurement unit 47 illustrated in 
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14 
FIG. 10 that combines a laser pointer and image processing 
may also be considered instead of the working distance sensor 
46. 

FIG. 10 illustrates a configuration provided with the dis 
tance measurement unit 47 which utilizes a laser pointer 48 
with the working distance sensor 46. The distance measure 
ment unit 47 combines the laser pointer 48 and image pro 
cessing, and comprises the working distance sensor 46, the 
half mirror 20, and the camera 17a. 

With the laser pointer 48 that is utilized for the working 
distance sensor 46, a laser beam is illuminated as shown in 
FIG. 10A onto a measurement target of the measurement 
object 11 along an optical axis d of the camera17a. FIG. 10B 
illustrates camera images B (B. B.) in a case where the 
camera optical axes d (d., d) of the Stereoscopically arranged 
two cameras 17a and 17b do not intersect at the target surface 
of the measurement object 11. A laser beam L that is mapped 
onto the camera images B (B, B2) is mapped at different 
positions between the camera images B and B as shown in 
FIG 10B. 

FIG. 10C illustrates camera images B and B in a case in 
which the camera optical axes d and d of the stereoscopi 
cally arranged two cameras 17a and 17b intersect at the target 
Surface (Surface of measurement target) of the measurement 
object 11. In this case, the laser beam L that is mapped onto 
the camera images B and B is mapped at the same position 
in the camera images B and B. 

In the fourth inspection and measurement apparatus 10C. 
by controlling the driving device 18 with the working dis 
tance control device 15, the camera viewing angle is auto 
matically adjusted to an optimal state in which the camera 
optical axis d of the camera 17b intersects at the surface of 
the measurement target of the measurement object 11 with the 
camera optical axis d of the camera 17a, and a distance from 
the camera 17a of the distance measurement device 12 to the 
target Surface of the measurement object 11 can be accurately 
and easily measured. 

Next, the operation of the fourth inspection and measure 
ment apparatus 10C will be described. 

According to the first inspection and measurement appa 
ratus 10 illustrated in FIG. 1, the driving device 18 is con 
trolled with the working distance control device 15 in accor 
dance with an operation of the operator or the like, and the 
posture of the camera 17b is rotated to adjust the parallax 
angle so that the camera optical axis of the camera17a and the 
camera optical axis of the camera 17b intersect at the surface 
of the measurement target of the measurement object 11. 

In contrast, the fourth inspection and measurement appa 
ratus 10C described in the fourth embodiment comprises the 
distance measurement unit 47 that includes the working dis 
tance sensor 46 provided in the distance measurement device 
12, and the laser pointer 48 as a power pointer in the working 
distance sensor 46. 
By means of the laser pointer 48 of the working distance 

sensor 46 provided in the distance measurement unit 47, a 
point measurement can be performed with respect to a dis 
tance between the distance measurement device 12 and a 
measurement target of the measurement object 11 inside the 
camera field of view of the camera 17a. 

In accordance with a distance to the measurement target of 
the measurement object 11, the working distance control 
device 15 controls the driving device 18 to rotate the posture 
of the camera 17b and perform automatic adjustment to 
obtain the optimal camera parallax angle. For example, the 
working distance sensor 46 irradiates a laser beam, and mea 
sures a distance based on a time difference between the irra 
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diation time and the time of receiving light of the laser beam 
that is reflected by and returns from the measurement target of 
the measurement object 11. 

The distance measurement unit 47 provided in the distance 
measurement device 12 is a laser distance meter that com 
bines the laser pointer 48 of the working distance sensor 46 
and image processing. The distance measurement unit 47 
controls operation of the driving device 18 with the working 
distance control device 15, and rotationally controls the ste 
reoscopically arranged camera 17b. A configuration may also 
be adopted in which the working distance control device 15 
controls operation of respective driving apparatuses 18 of the 
Stereoscopically arranged cameras 17a and 17b to cause the 
camera optical axes d and d of the respective cameras 17a 
and 17b to intersect at the surface of the measurement target 
of the measurement object 11. 
By controlling the driving device 18 with the working 

distance control device 15 so that the mapping positions of the 
laser beam L are the same with respect to each of the stereo 
scopically arranged cameras 17a and 17b, adjustment can be 
automatically performed to obtain an optimal camera paral 
lax angle at which the optical axis d of the camera 17a and 
the optical axis d of the camera 17b intersect at the surface of 
the measurement target of the measurement object 11. 

According to the fourth inspection and measurement appa 
ratus 10C illustrated in the fourth embodiment, it is possible 
to automatically adjust a parallax angle between the stereo 
scopically arranged cameras 17a and 17b. Further, a distance 
measurement to a measurement target of the measurement 
object 11 can be easily carried out, and a time required for 
automatically adjusting the cameras 17a and 17b can be 
shortened. It is therefore possible to achieve more efficient 
and shorter measurement times. 

Fifth Embodiment 

FIG. 11 is a block diagram of a configuration example that 
illustrates an apparatus (hereinafter, which will be simply 
referred to as "fifth inspection and measurement apparatus) 
10D for inspecting and measuring the measurement object 11 
as a fifth embodiment of the present invention. 
The fifth inspection and measurement apparatus 10D illus 

trated FIG. 11 is a reactor core internal dimensions measure 
ment apparatus. In FIG. 11, components that are the same as 
in the first inspection and measurement apparatus 10 
described in the first embodiment are denoted by the same 
reference numerals, and duplicate descriptions thereof are 
omitted or simplified. The fifth inspection and measurement 
apparatus 10D described in the fifth embodiment is addition 
ally provided with a camera database device 50 which is an 
example of a memory device that records and stores camera 
information relative to the first inspection and measurement 
apparatus 10 illustrated in FIG. 1. 
The camera database device 50 is, for example, connected 

to the working distance control device 15. Focal positions of 
the camera lenses 51a and 51b inaccordance with the parallax 
angle of the stereoscopically arranged cameras 17a and 17b 
are previously stored and recorded in the camera database 
device 50. When relative positions between the stereoscopi 
cally arranged cameras 17a and 17b are fixed, a point of 
intersection of the camera optical axes can be determined 
based on the parallax angle between the cameras 17a and 17b. 

Next, the operations of the fifth inspection and measure 
ment apparatus 10D are described. 

In the fifth inspection and measurement apparatus 10D 
described in the fifth embodiment, the cameras 17a and 17b 
provided inside the distance measurement device 12 are driv 
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16 
ingly controlled by the working distance control device 15 
based on camera information stored in the camera database 
device 50. The working distance control device 15 rotation 
ally controls the posture of the camera 17b and automatically 
adjusts the parallax angle between the cameras 17a and 17b 
so that the camera optical axes of the Stereoscopically 
arranged cameras 17a and 17b intersect at the surface of the 
measurement target of the measurement object 11. 
A configuration may also be adopted in which the working 

distance control device 15 controls the postures of the camera 
17a and camera 17b, respectively, based on camera informa 
tion stored in the camera database device 50, so that the 
camera optical axes intersect at the Surface of the measure 
ment target of the measurement object 11. 
When posture control is performed for at least one of the 

cameras 17a and 17b, since the intersection position of the 
camera optical axes changes with respect to the cameras, it is 
necessary to adjust the focal length of the camera lenses 51a 
and 51b comprised by the cameras 17a and 17b and adjust the 
focus of the camera to a position at which the camera optical 
axes intersect. 
When the relative positions of the cameras 17a and 17b 

provided in the distance measurement device 12 are fixed, an 
intersection position of the camera optical axes can be deter 
mined based on the parallax angle between the cameras 17a 
and 17b. Hence, focal lengths of the camera lenses 51a and 
51b that are determined based on intersection positions of the 
camera optical axes in accordance with parallax angles 
between the cameras 17a and 17b are recorded in the camera 
database device 50, and the working distance control device 
15 rotates the posture of the camera 17b by means of the 
driving device 18 to adjust the parallax angle between the 
cameras 17a and 17b and, at the same time, performs focal 
adjustment of the cameras 17a and 17b based on the correla 
tion between the parallax angle between the cameras 17a and 
17b recorded in the camera database device 50 and the focal 
lengths of the camera lenses 51a and 51b. 
The fifth inspection and measurement apparatus 10D 

described in the fifth embodiment comprises the camera data 
base device 50 that records a correlation between a parallax 
angle between stereoscopically arranged cameras 17a and 
17b and focal lengths of the camera lenses 51a and 51b of the 
cameras 17a and 17b. It is therefore possible to automatically 
adjust the focus of the cameras 17a and 17b by means of focal 
lengths of the camera lenses 51a and 51b recorded in the 
camera database device 50 in accordance with the parallax 
angle between the cameras 17a and 17b. By means of this 
automatic adjustment of the cameras 17a and 17b, a distance 
measurement from the distance measurement device 12 to the 
measurement target of the measurement object 11 can be 
performed simply and easily and, further, a time required for 
automatic adjustment of the cameras can be reduced, and 
more efficient and shorter measurement times can be 
achieved. 
The fifth inspection and measurement apparatus 10D 

shown in FIG. 11 comprises the cameras 17a and 17b. The 
parallax angle between the cameras 17a and 17b is adjusted 
by rotationally controlling the driving device 18 by means of 
the working distance control device 15 to rotate the posture 
of for example, the camera 17b so that the camera optical 
axes of the camera 17a and the camera 17b intersect at the 
Surface of the measurement target of the measurement object 
11. 

In this case, since the intersection position of the camera 
optical axis of the camera 17b changes with respect to the 
camera 17a, the focal positions of the camera lenses 51a and 
51b comprised by the cameras 17a and 17b are adjusted and 
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the focuses of the cameras are adjusted to the position at 
which the camera optical axes intersect. When the relative 
positions between the cameras 17a and 17b are fixed, an 
intersection position of the camera optical axes can be deter 
mined based on the parallax angle between the cameras 17a 
and 17b. 

Therefore, focal positions of the camera lenses 51a and 51b 
that are determined based on intersection positions of the 
camera optical axes in accordance with parallax angles 
between the cameras 17a and 17b are recorded in the camera 
database device 50. The working distance control device 15 
adjusts the parallax angle between the cameras 17a and 17b 
by rotating the posture of, for example, the camera 17b by 
means of the driving device 18, and at the same time focal 
adjustment of the cameras is performed based on the corre 
lation between the parallax angle and the focal lengths of the 
camera lenses 51a and 51b recorded in the camera database 
device 50. 
The fifth inspection and measurement apparatus 10D illus 

trated in FIG. 11 comprises the camera database device 50 
that records the relation between a parallax angle between the 
cameras 17a and 17b and focal lengths of the camera lenses 
51a and 51b. It is therefore possible to automatically adjust 
the focus of each camera by using focal lengths of the camera 
lenses 51a and 51b that are recorded in the camera database 
device 50 in accordance with the camera parallax angle. 
Accordingly, not only can distance measurement from the 
distance measurement device 12 to a measurement target of 
the measurement object 11 be performed with ease, but it is 
also possible to reduce a time required for automatic adjust 
ment of the focus of the camera 17a and camera 17b and 
achieve more efficient and automatic measurement times. 

Sixth Embodiment 

FIG. 12 is a block diagram of a configuration example that 
illustrates a sixth embodiment of the apparatus (hereinafter, 
which will be simply referred to as “sixth inspection and 
measurement apparatus) for inspecting and measuring an 
object to be measured according to the present invention. 
An sixth inspection and measurement apparatus 10E 

described in this embodiment is a reactor core internal dimen 
sions measurement apparatus for a nuclear reactor. In this 
embodiment, components that are the same as in the first 
inspection and measurement apparatus 10 described in the 
first embodiment are denoted by the same reference numer 
als, and duplicate descriptions thereof are omitted or simpli 
fied. 

Relative to the first inspection and measurement apparatus 
10 described in the first embodiment, in the sixth inspection 
and measurement apparatus 10E illustrated in FIG. 12, the 
camera lenses of the cameras 17a and 17b are changed to fluid 
lenses 54a and 54b, and a fluid lens adjustment device 55 that 
adjusts the fluid lenses 54a and 54b is additionally provided. 
The sixth inspection and measurement apparatus 10E 

described in the sixth embodiment comprises the fluid lenses 
54a and 54b for which the focal length is adjusted by electri 
cal characteristics as the camera lenses of the cameras 17a 
and 17b provided in the distance measurement device 12. The 
fluid lenses 54a and 54b are electrically connected to the fluid 
lens adjustment device 55. The fluid lens adjustment device 
55 can adjust the focal lengths of the two fluid lenses 54a and 
54b to the same focal length by outputting a single electrical 
signal to the (for example, two) fluid lenses 54a and 54b of the 
stereoscopically arranged cameras 17a and 17b. It is possible 
to automatically adjust the fluid lenses 54a and 54b and adjust 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
the camera field of view range of the cameras 17a and 17b, 
and to uniformly maintain the camera imaging conditions. 

In the sixth inspection and measurement apparatus 10E 
described in the sixth embodiment, the stereoscopically 
arranged cameras 17a and 17b are provided in the distance 
measurement device 12 and, for example, the posture of the 
camera 17b is rotated to adjust the parallax angle between the 
cameras 17a and 17b so that the camera optical axes of the 
cameras 17a and 17b intersect at the surface of the measure 
ment target of the measurement object 11. In this case, since 
the intersection position of the camera optical axis of the 
camera 17b changes relative to the camera 17a, it is necessary 
to adjust the focal length of the camera lenses (fluid lenses 
54a and 54b) comprised by the cameras 17a and 17b, and 
align the focuses of the cameras 17a and 17b at a position at 
which the camera optical axes intersect. Because the size of 
camera lenses whose focallengths can be remotely controlled 
is large, there is the problem that it is difficult to reduce the 
size of the distance measurement device 12. Further, even 
when using a mechanical adjustment apparatus Such as the 
driving mechanism 18, there is similarly the problem that it is 
difficult to reduce the size of the distance measurement device 
12. 
The sixth inspection and measurement apparatus 10E 

according to the present embodiment comprises fluid lenses 
54a and 54b for which the focal lengths can be adjusted by 
electrical characteristics as the camera lenses of the stereo 
scopically arranged cameras 17a and 17b. Regarding the two 
fluid lenses 54a and 54b of the respective cameras 17a and 
17b, the focal lengths of the two fluid lenses 54a and 54b can 
be adjusted to the same focal length by a single electrical 
signal that is output from the fluid lens adjustment device 55 
that is electrically connected to the two fluid lenses 54a and 
54b. It is thus possible to adjust the fluid lenses 54a and 54b 
so that the field of view ranges of the camera 17a and camera 
17b become the same, and to uniformly maintain the imaging 
conditions of the stereoscopically arranged cameras 17a and 
17b. 

According to the sixth inspection and measurement appa 
ratus 10E, by using the fluid lenses 54a and 54b as camera 
lenses, provision of a mechanism that adjusts the focal 
lengths of lenses inside the distance measurement device 12 is 
no longer required, and it is possible to reduce the size and 
weight of the distance measurement device 12. Further, by 
adjusting the focal lengths of the stereoscopically arranged 
fluid lenses 54a and 54b by means of a single electrical signal, 
the imaging conditions between the two cameras 17a and 17b 
can be uniformly maintained, and calculation at the parallax 
calculation processor 24 is simplified. 

Seventh Embodiment 

FIG. 13 and FIG. 14 are block diagrams of configuration 
examples illustrating a seventh embodiment of the apparatus 
(hereinafter, which will be simply referred to as “seventh 
inspection and measurement apparatus) for inspecting and 
measuring an object to be measured according to the present 
invention. 

Foran seventh inspection and measurement apparatus 10F 
described in this (seventh) embodiment, components that are 
the same as in the first inspection and measurement apparatus 
10 shown in FIG. 1 are denoted by the same reference numer 
als, and duplicate descriptions thereof are omitted or simpli 
fied. The seventh inspection and measurement apparatus 10F 
illustrated in FIG. 13 is additionally provided with a posture 
sensor 57 inside the distance measurement device 12 relative 
to the first inspection and measurementapparatus 10 shown in 
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FIG.1. The posture sensor 57 that is additionally provided in 
the distance measurement device 12 is capable of measuring 
a position and angle of the distance measurement device 12. 

Next, operation of the seventh inspection and measurement 
apparatus 10F will be described. 

According to the seventh inspection and measurement 
apparatus 10F, for example, the distance measurement device 
12 is mounted on an underwater robot or the like, and is 
navigated by an unshown underwater robot through water 
inside a nuclear reactor to be disposed at a position for imag 
ing of the measurement target of the measurement object 11. 
When the distance measurement device 12 is disposed at a 
required position, a two-dimensional optical pattern is pro 
jected onto the measurement target of the measurement 
object 11 by the light projector 19 comprised by the distance 
measurement device 12. The measurement target onto which 
the optical pattern is projected is then imaged with the Ste 
reoscopically arranged cameras 17a and 17b. A distance to 
the measurement target of the measurement object 11 is mea 
Sured based on the images that are imaged. 
The seventh inspection and measurement apparatus 10F 

comprises the posture sensor 57 inside the distance measure 
ment device 12. The posture sensor 57 measures a position 
and imaging angle of the distance measurement device 12that 
is disposed by the underwater robot or the like. For example, 
as shown in FIG. 14, first the distance measurement device 12 
is disposed at a sensor position 58a, and the position and 
angle of the distance measurement device 12 at that time is 
measured by the posture sensor 57. 

Next, the distance measurement device 12 is moved to and 
disposed at a sensor position 58b, and the posture and angle of 
the distance measurement device 12 is measured. A measure 
ment range 59a is a measurement range of the distance mea 
Surement device 12 at the sensor position 58a, and a measure 
ment range 59b is a measurement range thereof at the sensor 
position 58b. 

Meanwhile, at the dimensions measurement device 14 
comprising the seventh inspection and measurement appara 
tus 10F that inspects and measures the measurement object 
11, a point G in the measurement range 59a at the sensor 
position 58a is set as a first designated position, and Subse 
quently a point H in the measurement range 59b at the sensor 
position 58b is set as a second designated position. The 
dimensions measurement device 14 converts a measurement 
result at the sensor position 58b into relative coordinates with 
respect to a measurement result at the sensor position 58a 
based on a position and angle of the distance measurement 
device 12 that is measured with the posture sensor 57, and 
integrates the two measurement results into a measurement 
result at the same coordinate diameter. Thereafter, the dimen 
sions measurement device 14 performs a dimensional mea 
surement between the designated positions of G and H. By the 
dimensional measurement between the designated positions 
G and H, it is possible to accurately and efficiently measure 
the dimensions of a defect 60 or damage on the surface of the 
measurement target of the measurement object 11. 

According to the seventh inspection and measurement 
apparatus 10F described in the seventh embodiment, by mea 
Suring a position and an angle of the distance measurement 
device 12, it is possible to measure dimensions of the mea 
surement target of the measurement object 11 that does not fit 
within one field of view of the distance measurement device 
12. 
The seventh inspection and measurement apparatus 10F 

includes the distance measurement device 12. The distance 
measurement device 12 includes a posture measurement unit 
that measures a position and an angle thereof. Further, a result 
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measured by the distance measurement device 12 at a differ 
ent position is converted into relative coordinates based on a 
position and an angle of the distance measurement device 12 
that are measured with the posture measurement member of 
the posture sensor 57 serving as the posture measurement 
unit, and dimensions of a measurement target of the measure 
ment object 11 that does not fit within one field of view of the 
distance measurement device 12 can be measured. 
The invention claimed is: 
1. An apparatus for inspecting and measuring an object to 

be measured, the apparatus comprising: 
a distance measurement device that includes a light pro 

jection unit that projects a two-dimensional optical pat 
tern onto a measurement target of an object to be mea 
Sured, a plurality of imaging units, disposed in a 
stereoscopic arrangement, that image the measurement 
target of the object to be measured, and a driving unit 
configured to rotate a posture of at least one of the 
imaging units to control a parallax angle between the 
imaging units: 

a working distance control device that controls the driving 
unit and adjusts a position at which optical axes of the 
imaging units intersect by controlling focal lengths of 
the lenses based on correlation data that indicates a 
correlation between the parallax angle between the 
imaging units and focal lengths of lenses of the imaging 
units in accordance with the parallax angle between the 
imaging units; and 

a distance calculation device that includes a correspon 
dence position calculation unit that determines a corre 
spondence position at which a same region among 
images of the imaging units disposed in the stereoscopic 
arrangement is imaged, and a distance calculation unit 
that calculates a distance to a measurement target of an 
object to be measured based on a calculation result of the 
correspondence position calculation unit, the parallax 
angle between the imaging units, and focallengths of the 
lenses that are controlled in accordance with the parallax 
angle between the imaging units. 

2. The apparatus for inspecting and measuring an object to 
be measured according to claim 1, further comprising: 

on an object to be measured side of the imaging unit, a 
bandpass filter with which a transmitted wavelength is 
Selected in accordance with a wavelength of light that is 
projected from the light projection unit. 

3. The apparatus for inspecting and measuring an object to 
be measured according to claim 1, wherein the working dis 
tance control device controls the driving unit so that the 
optical axes of the imaging units intersect at a Surface of the 
measurement target of the object to be measured, and a field 
of view range of the imaging unit is adjusted in accordance 
with a distance between the measurement target of the object 
to be measured and the distance measurement device. 

4. The apparatus for inspecting and measuring an object to 
be measured according to claim 1, wherein the distance mea 
Surement device includes a working distance sensor that per 
forms a point measurement with respect to a distance between 
the measurement target of the object to be measured and the 
distance measurement device, and wherein the working dis 
tance control device automatically controls the driving unit 
according to a distance that is measured with the working 
distance sensor. 

5. The apparatus for inspecting and measuring an object to 
be measured according to claim 1, wherein the lenses of the 
imaging units are fluid lenses with which a focal position can 
be adjusted by electrical characteristics, and further compris 
1ng: 
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a fluid lens adjustment device that adjusts the fluid lenses of 
two imaging units disposed in the stereoscopic arrange 
ment with a single electrical signal. 

6. The apparatus for inspecting and measuring an object to 
be measured according to claim 1, further comprising: 

a dimensions measurement device that measures dimen 
Sions along a surface of a measurement target of the 
object to be measured based on a calculation result cal 
culated by the distance calculation device. 

7. The apparatus for inspecting and measuring an object to 
be measured according to claim 6, wherein the distance mea 
Surement device includes a posture measurement unit that 
measures a position and an angle thereof, and the distance 
measurement device converts a result measured at a different 
position into relative coordinates based on a position and an 
angle of the distance measurement device that are measured 
with the posture measurement unit, and measures dimensions 
ofa measurement target of the object to be measured that does 
not fit within one field of view of the distance measurement 
device. 

8. An apparatus for inspecting and measuring an object to 
be measured, the apparatus comprising: 

a distance measurement device that includes a light pro 
jection unit that projects a two-dimensional optical pat 
tern onto a measurement target of an object to be mea 
Sured, one imaging unit that images the measurement 
target of the object to be measured, an optical scanning 
unit that guides light from the measurement target of the 
object to be measured along a plurality of scanning light 
paths, and a driving unit that drivingly controls a reflec 
tion mirror provided in each scanning light path of the 
optical scanning unit; 

a working distance control device that controls the driving 
unit to rotate a posture of the reflection mirror to arbi 
trarily adjust a parallax angle between the scanning light 
paths, and focal lengths of the lenses based on correla 
tion data that indicates a correlation between the paral 
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lax angle between the scanning light paths and focal 
lengths of lenses of the imaging units in accordance with 
the parallax angle between the scanning light paths; and 

a distance calculation device that has a correspondence 
position calculation unit that determines a correspon 
dence position at which a same region is imaged among 
images of the imaging unit from the respective scanning 
light paths, and a distance calculation unit that calculates 
a distance to a measurement target of an object to be 
measured based on a calculation result of the correspon 
dence position calculation unit, the parallax angle 
between the scanning light paths, and focal lengths of 
lenses of the imaging units in accordance with the par 
allax angle between the scanning light paths. 

9. The apparatus for inspecting and measuring an object to 
be measured according to claim 8, wherein the optical scan 
ning unit includes a shielding unit that controls transmittance 
and shielding of light on each scanning light path, and is set so 
as to Switch between transmittance and shielding of light to be 
input to the imaging unit on each scanning light path by 
means of the shielding unit. 

10. The apparatus for inspecting and measuring an object 
to be measured according to claim 8, further comprising: 
on an object to be measured side of the imaging unit, a 

bandpass filter with which a transmitted wavelength is 
Selected in accordance with a wavelength of light that is 
projected from the light projection unit. 

11. The apparatus for inspecting and measuring an object 
to be measured according to claim 8, wherein the working 
distance control device controls the driving unit so that opti 
cal axes of the imaging unit intersect at a surface of the 
measurement target of the object to be measured, and a field 
of view range of the imaging unit is adjusted according to a 
distance between the measurement target of the object to be 
measured and the distance measurement device. 
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